Objectives: The goal of this study was to compare treatment outcomes for chronic bothersome tinnitus after Tinnitus Retraining Therapy (TRT) versus standard of care treatment (SC) and to determine the longevity of the effect over an 18-month period.
INTRODUCTION
Subjective tinnitus is the sensation of sound in the absence of an external stimulus. Large demographic studies estimate global chronic tinnitus prevalence of between 8 and 25% 1,2 in adults. The proportion of this population with bothersome tinnitus that significantly impacts daily life is estimated to be from 1 to 7%. 3, 4 This conservatively extrapolates to 3 million adults with chronic bothersome tinnitus in the United States.
There currently are no uniformly accepted, broadly effective treatments that decrease the loudness and impact of tinnitus and withstand systematic replication. TRT is a popular form of therapy that combines directive counseling and acoustic therapy to promote habituation and reduce the annoyance and awareness of tinnitus. The benefit and the longevity of TRT therapeutic effect have been reported in case studies, retrospective reviews and uncontrolled or non-randomized clinical trials. [5] [6] [7] [8] [9] Unfortunately, controlled trials that compare TRT to SC have been criticized for study limitations such as inadequate controls and inclusion of trial participants that do not reflect typical population demographics. [10] [11] [12] The beneficial effect of hearing aids on tinnitus has been recognized for decades, [13] [14] [15] however recent reviews cite inadequate evidence supporting amplification as an effective intervention. 16, 17 The mechanism responsible for the beneficial effects of amplification on tinnitus is unknown but hypotheses have included masking of tinnitus with amplified ambient noise, eliminating straining to hear, and reversal of pathologic cortical mapping related to reduced afferent activity. 18, 19 Various strategies for optimizing hearing aid fitting parameters for tinnitus management have been proposed but direct comparison of fitting strategies has not been done. This is important because counseling is a significant aspect of aural rehabilitation and is a typical component of hearing aid fitting. However, strategies for aural rehabilitation vary between practitioners and outcomes are often not quantified. Consequently, there is no established standard of care for counseling or device fitting for aural rehabilitation that focuses on tinnitus management.
Tinnitus retraining therapy was introduced in 1993 by Jastreboff and Hazell as a new tinnitus management approach derived from the neurophysiologic principles of habituation and learning proposed by Hallam and Hinchcliffe. 20, 21 The technique combines acoustic enrichment and directive counseling to facilitate habituation to the tinnitus perception by ostensibly removing the emotional reaction to the subjective sensation. Acoustic enrichment can be implemented with white noise generators, hearing aids, or combination devices (hearing aids and sound generators in a single unit). Directive counseling is a critical component of TRT designed to address false perceptions, emotional reactions and cognitive distortions related to tinnitus. This is achieved through education, demystification, and use of examples and analogies that illustrate the theoretical mechanisms whereby tinnitus becomes bothersome, intrusive, and disruptive.
Previously we reported a placebo controlled trial of TRT in adults with chronic tinnitus and normal to near-normal hearing thresholds. 22 Enrollment was restricted to adults with chronic bothersome tinnitus defined as a Tinnitus Handicap Inventory (THI) total score greater than 36, without subjective hearing loss and with objective measures of pure tone thresholds less than 30 dB between 2 and 4 kHz. Participants were randomized to receive either TRT or SC. SC in this study included general counseling explaining normal and impaired auditory function and education on relaxation techniques, diet and stress reduction. Placebo sound generators were fitted and served as a control for the active acoustic enrichment received by the TRT participants. Clinically significant reductions in tinnitus severity were observed in all study participants, with larger reductions in global scores of tinnitus distress and awareness in participants treated with TRT. The within-group effect size for total THI score reduction was 1.13 for the TRT group, and 0.78 for the SC group. These results quantified the improvement in tinnitus distress that occurs with general counseling alone and demonstrated the enhanced and persistent treatment effect obtained from directive counseling combined with acoustic enrichment. Although these results were positive and provide evidence of TRT efficacy, generalization to the majority of adults with chronic tinnitus who have concomitant hearing loss may not be valid. We therefore conducted the present follow-up study of similar design, and enrolled adults with chronic bothersome tinnitus and hearing loss.
METHODS
This study was designed and conducted with the approval of the Springfield Committee for Research Involving Human Subjects (Protocol Number: 11-024) and funded by the Tinnitus Research Consortium. Adults aged 18 to 75 years with chronic bothersome tinnitus were recruited regionally using print, radio, and web-based media until enrollment goals were met. Enrollment was restricted to adults living within a 60-mile radius of Springfield to minimize attrition and loss to follow-up. A power analysis was performed to estimate the required number of participants for enrollment. Using a one-tail a of 0.05, b of 0.2, and a standard deviation of 17 on the THI obtained in the previous study using similar methodology, the null hypothesis stating that the experimental (TRT) and control (SC) population means are equal can be rejected with 17 participants enrolled in each group. A 20-25% attrition rate was anticipated; resulting in an enrollment target of 20 participants for each treatment arm.
Participants that met initial enrollment criteria (Table I ) from a telephone interview and THI score on paper or digital (via email) format, were evaluated on site with a medical assessment, screened for depression using the Beck Depression Inventory (BDI), screened for hyperacusis using the Multiple Activity Scale for Hyperacusis (MASH), 23 completed audiometric testing (pure tone thresholds, air and bone conduction, speech recognition and loudness discomfort levels) and were reassessed for tinnitus severity using the THI and the Tinnitus Functional Index (TFI). 24 Tinnitus impact was further quantified using an additional questionnaire (Appendix: Tinnitus Interview Questionnaire [TIQ]), while tinnitus sensory features were further quantified using the Tinnitus Experience Questionnaire (TEQ, Appendix). The THI, TFI, TIQ, and TEQ comprised baseline data on enrollment in the study.
Participants that met audiometric, medical and tinnitus severity criteria with an average THI score greater than 36 and a difference score between the first and second THI assessment of less than 17 were enrolled in the study. The stringent criteria of loudness discomfort levels (LDLs) <100 and a score >3.5 on the MASH were removed from applicant screening with the approval of the SCRIHS and the funding agency 6 months after opening the study.
Participants were randomly assigned to balanced treatment arms by a co-investigator, not involved in screening, consent, or assessment (TJB). Tinnitus severity score, gender, and duration of untreated hearing loss were considered co-variate factors that could significantly impact treatment response. Covariate adaptive randomization was performed to maintain treatment group balance for the variables of tinnitus severity (total THI score) and gender. Adaptive randomization balances co-variate factors between the two treatment arms. 25, 26 Reliable estimates of hearing loss duration were unavailable, hence it was not included in the adaptive random assignment. Allocation concealment was maintained by segregating the tasks of recruitment (JLB), consent and screening (JLB and CAB), enrollment (CAB), and allocation (TJB) to separate investigators. Enrollment, retention and attrition of participants is summarized in a CONSORT flow diagram (Fig. 1) . Baseline characteristics and composition of the subjects randomized to each group are summarized in Table II. Individual counseling sessions for TRT and SC were conducted one-on-one by the primary investigator (CAB) and the clinical trial audiologist (JLB) such that every participant was counseled by both CAB and JLB during the study. TRT directive counseling was provided using a standardized TRT Powerpoint presentation, distributed over three 1-hour sessions. The counselling content was based on Jastreboff 's neurophysiologic Participants were instructed on device use and had control over amplification volume only. The broadband noise volume was set by the study audiologist (JLB) at the direction of the participant to an audible but comfortable level that was less loud than their tinnitus. Participants in the SC control group received general aural rehabilitation counseling distributed over three 1-hour sessions, using a standardized SC Powerpoint presentation. Aural rehabilitation counseling was comprised of information on mechanisms of hearing, hearing health, coping, and listening strategies. SC participants were fitted with binaural combination devices, identical to those fitted to the TRT group, but with the sound generator feature inactivated by the study audiologist. Data logging for device use, including settings for the background white noise in the TRT group, were recorded for all participants throughout the study. All participants were seen by the study audiologist at 1 month and 2 months after device fitting, and at 6, 12, and 18 months. During these visits device use data were downloaded, and any issues or concerns regarding device functioning were addressed, and volume settings for the white noise generators were adjusted as needed. Devices were provided and replaced as needed free of charge to the participants and there was no charge for any clinic followup for device checks or data collection. Participants were assessed at 6, 12, and 18 months after study entry using the integrated computer-based assessment suite comprised of the THI, the TFI, the TEQ, and the TIQ.
Participants that completed the study were compensated for participation by transfer of ownership of their devices for their personal use. Participants that did not complete the final assessment received $50 in compensation for their time and were requested to return their devices to the study coordinator.
Data Records and Analysis
Questionnaire responses were directly recorded in individual Excel (Microsoft, Redmond, WA) spreadsheets residing on the assessment computers, and labelled with each participant's study code number. Individual sheets were archived by the study audiologist into an Excel workbook, each sheet comprising an independent ply. Descriptive and inferential analyses were carried out by the data analyst (TJB) in Excel using the Data Analysis Tool Pak. Changes in tinnitus over time were evaluated independently for each treatment group, using paired t-tests, comparing individual questionnaire factors (e.g., THI total score, THI cognitive factor, etc.) and individual questionnaire items (e.g., TEQ "Rate your tinnitus loudness now," TIQ "How much has your tinnitus annoyed you over the last month?" etc.), at each time point (6, 12, and 18 months), to entry time point (0 month) scores. Differences in tinnitus between treatment groups were evaluated using independent ttests at each time point (0, 6, 12, and 18 months) for individual questionnaire factors and individual questionnaire items, as described above. Significance levels for within-group and between-group comparisons were adjusted for repeated-analysis significance inflation using the Bonferroni correction. Betweengroup combination device or hearing aid wear times were evaluated using similarly corrected independent t-tests at 0, 6, 12, and 18 months. The proportion of participants, in each treatment group, at each assessment time point, showing 50%-orbetter improvement in THI total score, was evaluated using the Marascuilio proportion test for multiple comparisons, a derivative chi-square analysis. 27 Data were analyzed using two methods: intention-to-treat (ITT) analysis and per-protocol (PP) analysis. U.S. Food and Drug Administration (FDA) guidelines recommends both analyses be performed. 28 ITT analysis uses the last value carried forward for missing data points. The ITT analysis more closely reflects clinical practice by including non-compliance and protocol deviations with unbiased estimate of treatment effect. Disadvantages of ITT analysis are that it is a conservative estimate of treatment effect because of dilution from incomplete data from drop-outs. 29, 30 In this study incomplete data are exclusively from four subjects randomized to the SC group, and therefore the conservative estimate of SC treatment effect increases the relative improvement by comparison in the TRT group. A PP analysis does not extrapolate missing data and, although providing a lower level evidence than ITT analysis, more accurately reflects treatment effects when taken in an optimal manner. A PP analysis is useful for interpreting noninferiority trials, such as this study, but has the disadvantage of possible bias in data interpretation. A PP analysis was performed of outcomes of participants with complete data sets (TRT n 19, SC n 15). There were no complications, side effects or adverse events from participation in this study. 13 (68) 6 (32) 13 (68) 6 ( 
RESULTS
The numbers of participants engaged in screening, enrollment and data collection are outlined in the CON-SORT flow diagram (Fig. 1) . Recruitment and screening continued in a rolling fashion over a 17-month period with 462 people screened by telephone, email, or in person. Achieving targeted enrollment goals was challenging and required a series of 4 regional newspaper advertisements, a series of radio announcements, and internet-based notices on the SIU institutional web site and on ClinicalTrials.gov. The number of individual's responding to each advertisement ranged from 49 to 288. The yield for enrolling study participants from each round of advertising ranged from 3.5 to 11.9 percent. The most common reasons for ineligibility were THI severity scores less than 36 (45% of all screened applicants) and lack of interest to commit to an 18-month study (26% of applicants). Reasons for lack of interest included unwillingness to wear the hearing aids, provided free of charge, and unwillingness to return for follow up treatment and assessment. Additional reasons for not enrolling included audiometric results outside of criteria (either no hearing loss or hearing loss not amenable to amplification), episodic tinnitus, pulsatile tinnitus, prior tinnitus treatment, and living outside a 60-mile radius of Springfield. The criteria of LDLs less than than 100 dB and scores greater than 3.5 on the MASH eliminated 37 of the first 163 applicants.
The study fell short of the recruitment goal of 40 participants; 39 participants were enrolled, with 20 assigned to the TRT arm, and 19 to the SC arm. One participant in the TRT group dropped out of the study immediately prior to treatment, citing scheduling conflicts with unanticipated medical care. Thirty-eight participants were successfully fit with bilateral combination devices and completed counseling as outlined in the study protocol. The number of participants lost to followup after receiving treatment was small. All participants receiving TRT completed the study with data collected at 6, 12, and 18 months. Four of the 19 participants (21%) in the SC group did not complete the study, and either withdrew or were lost to follow up between treatment completion and the 18-month final assessment (Table II) .
Two participants dropped out 6 months after study entry because they could not tolerate device use and amplification. One participant dropped out 12 months after study entry because of unrelated health issues prohibiting follow up for device checks and scheduled assessments. One participant was lost to follow-up after the final education-counselling session for unknown reasons. All 4 subjects reported their tinnitus was a significant problem for more than 5 years.
Enrolled Participant Characteristics
Participant gender and tinnitus severity (total THI score) were balanced within each treatment arm. The pre-treatment mean THI total score (the average of the screening and baseline data) and standard deviation for the TRT and SC groups were 51.47 (10.15) and 51.61 (11.15) . Tinnitus severity was comparable between males and females in each group. Average THI total score and standard deviation for males and females respectively in the TRT group was 51.31 (11.80) and 51.83 (6.05), and in the SC group 53.58 (12.08) and 47.33 (8.09). There were no differences between the TRT and SC groups regarding age distribution, tinnitus duration, tinnitus severity, hearing thresholds, tinnitus impact on sleep or Beck Depression Index score.
Device use was logged for all participants and white noise volume tracked for TRT participants using the internal tracking software of the ReSound combination devices. Data were collected at 1 and 2 months post device fitting, and at the 6-, 12-, and 18-month assessment time points (Table IV) . There was no difference in average daily use time between treatment arms across all time points (p 5 .141, Bonferroni correction factor 2).
The volume settings for the white noise were stable throughout the study and equivalent for the left and right ears. The range was 35 to 67 dB SPL, with an average loudness of 49 for the right ear and 51 for the left ear.
The primary and secondary outcome measures at study entry and at 6, 12, and 18 months for the TRT and SC groups are reported in Tables V, VI , VII, and VIII. The primary measure of tinnitus severity, total THI, was equivalent at study entry for both TRT and SC groups (p 5 .969). The secondary measures of effort to ignore tinnitus, tinnitus loudness, bothersomeness, level of negative impact, percent of time annoyed by tinnitus and percent of time aware of tinnitus were also equivalent for both groups (p > .3). The primary outcome measure, total THI score, decreased significantly at all follow-up time points for both TRT and SC groups (Fig. 3 , showing TRT and SC ITT). The mean (SD) of the THI at study entry for the TRT group was 46.7 (14.7) and decreased to 17.3 (12. 3) at 18 months follow-up (p < .000; Bonferroni correction 3). THI mean (SD) at study entry for participants receiving SC therapy was 49.3 (15.5) and decreased to 33.4 (20.5) at 18 months follow-up (p 5 .031), using the ITT analysis with last data entry carried forward. The total THI score at the 12-and 18-month assessments was significantly different for the TRT and SC groups using ITT analysis (p < .05). Per protocol analysis was performed excluding SC participants without complete data sets from drop-out (n 5 3) or loss to follow-up (n 5 1). The mean (SD) of the THI at study entry for this SC group (n 5 15) was 48.8 (15.9) and decreased to 30.3 (19.8) at 18 months (p 5 .019). The final THI score at 18 months for the SC group using PP analysis is not significantly different from the TRT group (p 5 .073). Secondary outcome measures were obtained from three questionnaires. The TEQ evaluates perceptual features and intrusiveness of tinnitus at specific time points ("at present," "over the past month"). The TFI evaluates tinnitus impact, anchored to the time period "over the past week." The TFI yields a total score and 8 sub-scores for multiple domains of negative impact (intrusive, sense of control, cognitive, sleep, auditory, relaxation, quality of life, emotional distress). The TIQ evaluates levels of awareness, annoyance, and the percent of time aware and distressed by tinnitus anchored to the time period "over the past month." The total TFI score significantly decreased from entry to 18 months for the TRT and SC groups using both ITT and PP analysis. There was no significant difference in the final TFI scores at 18 months between the TRT and the SC, using PP analysis (p 5 .093). Final TFI scores at 18 months were significantly different between the TRT and the SC group with ITT analysis (p 5 .017) (Fig. 4 , showing TRT and SC using ITT analysis).
Clinically significant improvement in this study was defined as a 50%-or-better decrease in the THI total score from study entry to 18-month assessment. The proportion of participants in each group that met the 50% criterion is shown in Table IX and Figure 5 . Nearly three-quarters (74%) of the 19 TRT participants reported criterion-level improvement in tinnitus severity at 18 months, as indicated by THI total score. Using ITT analysis, 7 of 19 participants or nearly one-third Fig. 3 . Change in total THI score from baseline to 18-month follow-up for participants receiving TRT or SC treatment (ITT analysis shown). *p < .05; ***p < .000. ITT 5 intention to treat; THI 5 tinnitus handicap inventory; TRT 5 tinnitus retraining therapy; SC 5 standard of care. Fig. 4 . Change in total TFI score from baseline to 18-month follow-up for participants receiving TRT or SC treatment (ITT analysis shown). The TFI instrument was not available during screening for all participants when this study was initiated, partial data sets are reported for screening (TRT n 5 13 and SC n 5 14) and entry (TRT n 5 6 and SC n 5 4). Significance levels are *p < .05, **p < .01, and ***p < .005. ITT 5 intention to treat; THI 5 tinnitus handicap inventory; TFI 5 Tinnitus Functional Index; TRT 5 tinnitus retraining therapy; SC 5 standard of care.
(37%) of those treated with SC reported 50% or more improvement on the THI at 18 months. The difference in the proportion of criterion-level improvement between TRT and SC groups was significant at the 0.0001 level. The PP analysis shows 6 of the 15 SC participants who completed the study (40%) had criterion level improvement at 18 months. This proportion is not statistically different from that of the TRT group at 18 months.
DISCUSSION
Amplification and counseling are effective interventions that reduce the severity and negative impact of tinnitus measured with standardized questionnaires. Tinnitus severity was significantly reduced within 6 months of initiating treatment in both the TRT and the SC groups and this improvement was maintained for the 18 month duration of the study. The decrease in total THI score was greater in the TRT group compared to SC with ITT analysis, but not PP analysis. Furthermore, a greater percentage of participants treated with TRT experienced a 50%-or-better reduction in tinnitus severity compared to participants treated with SC. Improvement in the secondary measure of severity, the TFI, was also significant at 18 months compared to the initial assessment for both the TRT and SC groups.
This study illustrates the challenge and controversy of data interpretation in clinical trials. The intention-totreat analysis has historically been considered the gold standard to which investigators are held when reporting trial outcomes. However, this technique has been implicated as a source of bias in some trials. 31 In the current study, ITT analysis uses the entry THI scores for 2 participants, 6-month data for one participant and the 12 month data from one participant for all subsequent time points in the analysis. Carrying drop-out data forward inflates the final data points, with the resulting conclusion of reduced efficacy of SC compared to TRT. Perprotocol analysis results in a different conclusion, with observed improvement in tinnitus severity that is statistically similar to the TRT treatment group. Clearly, inclusion or exclusion of the four SC participants who withdrew at different points from the study leads to somewhat different conclusions regarding efficacy of TRT compared to SC. Both analyses are presented for consideration.
The degree of improvement observed after treatment in this study appears comparable to published outcomes, although different outcome measures and measurement scales make direct comparisons difficult. Folmer and Carroll 32 reported results from a retrospective analysis of selected patients receiving general counseling and acoustic therapy for chronic tinnitus. Tinnitus severity was assessed 6 to 48 months (mean 18 months) after treatment using a 5-point Likert scale. Seventy percent of patients treated with hearing aids and counseling reported moderate to significant improvement in tinnitus severity while 76% of patients receiving sound generators and counseling endorsed improvement in tinnitus. Sweetow and Sabes 33 reported improvement in the THI and the Tinnitus Reaction Questionnaire (TRQ) after treatment using fractal tones delivered through hearing aids. Searchfield et al. 13 reported greater reduction in THQ scores in a retrospective review of patients treated with hearing aids and counseling, compared to patients who elected not to use hearing aids and received counseling alone. Parazzini et al., 9 reported improved tinnitus severity and global ratings of tinnitus loudness, impact and awareness 12 months after TRT treatment. Participants were randomized to receive acoustic therapy delivered either with binaural open-fit hearing aids or binaural sound generators.
The goal of the present study was to quantify the improvement in tinnitus severity and to determine the durability of the treatment effect of two treatments commonly in use. Although there is no single definition of standard of care for tinnitus, employing amplification and aural rehabilitation counseling is well-accepted and in common practice for adults with tinnitus associated with aidable hearing loss.
This present study was not designed to parse the individual therapeutic effects of acoustic enrichment and Fig. 5 . Proportion of participants meeting or exceeding the clinical improvement criterion of 50% decrease in entry THI total score. In the TRT group, 7, 13, and 14 participants met the criterion at 6-, 12-, and 18-month assessment points. In the SC group, 5, 5, and 6 participants met the criterion at 6-, 12-, and 18-month assessment points. THI 5 tinnitus handicap inventory; TRT 5 tinnitus retraining therapy. counseling. Both treatment groups received acoustic enrichment through the use of binaural hearing aids, and both received counseling, albeit not identical counseling. The present study did not quantify the degree of additional benefit derived solely from the sound generator component applied in TRT. Clearly, the content of the counseling material used in TRT is not equivalent to the aural rehabilitation counseling provided in SC. The experimenters did balance the total time spent in counseling for participants in each treatment group, to remove bias related to non-specific benefits derived from interacting with a health care professional. Enrollment in the treatment arms was balanced as much as possible for variables that might be expected to impact treatment (e.g., severity of tinnitus, gender). Arguably, an additional relevant factor was the number of years of untreated hearing loss associated with tinnitus. Limitations, such as enrollment number and lack of precision in reported hearing-loss history, prevented this factor from being used to balance group assignment.
Multiple public announcements over an extended period of time (17 months) were required to overcome the low enrollment yield (8%) from the pool of screened applicants. The two most common reasons for ineligibility were THI total scores of less than 36 (45% of all screened applicants) and lack of committed interest in the study (26%). The 2 primary reasons for lack of interest were unwillingness to wear the free hearing aids and unwillingness to return for follow up treatment and assessment. These observations illustrate at least some factors at play in a large sample (n 5 462) of adults with chronic bothersome tinnitus. The physical presence of hearing aids has sufficiently negative features (presumably stigma, discomfort, aversion to novelty) that limit the utility of this approach to tinnitus therapy. Furthermore, a surprising number of individuals with tinnitus in the general population appear to have a fairly low tolerance of inconvenience when pursuing treatment for their tinnitus.
CONCLUSION
Both TRT and SC, as defined in the present study, provided lasting therapeutic benefit to individuals with chronic bothersome tinnitus. TRT, however, appeared to be somewhat more efficacious. Both groups wore equivalent hearing aids, but the TRT group was provided with TRT-based directive counseling and additional acoustic enrichment from device-generated external sound. 18 . What percent of your total awake time (estimate an average), over the last month, have you been aware of your tinnitus? 19. What percent of your total awake time (estimate an average), over the last month, were you annoyed, distressed or irritated by your tinnitus? Use the sliding to mark between 0 and 100% 20. How strong or loud was your tinnitus, on average, over the past month? 21. How much did your tinnitus affect or impact your life over the past month?
